Angiogenesis, the process of new blood vessel formation from pre-existing endothelial cells, has a crucial role in tumour initiation, dormancy, progression and metastasis. It has been suggested that anti-angiogenic factors can disable the capacity of tumour cells to access oxygen or the necessary nutrients for tumour growth and metastasis by inhibiting the functional sprouting and assembly of abnormal tumour vessels [1] [2] [3] [4] [5] [6] . This could result in the regression or growth arrest of certain angiogenesisdependent tumours. In corroboration of this concept, most of the anti-angiogenic agents have manifested efficacy in blocking tumour invasiveness and progression in mouse tumour models [1] [2] [3] [4] [5] [6] . Despite the efficacy of some antiangiogenic agents in improving the survival of tumour-bearing mice, so far the outcome of clinical trials in which antiangiogenic agents were delivered in conjunction with chemotherapy has been limited to a transient increase in the survival of patients with advanced solid tumours, with most patients ultimately succumbing to tumour progression 3 . Paradoxically, in certain mouse tumour models the inhibition of specific angiogenic pathways, partly through the induction of hypoxia or the recruitment of alternative angiogenic pathways, has enhanced tumour invasiveness 7, 8 . These data suggest that the mechanism by which endothelial cells, which constitute the main building blocks of tumour vessels, might regulate tumour growth is complex and is not merely driven by establishing normalized passive 9 and permissive conduits for delivering O 2 , nutrients and chemotherapeutic agents to the tumour tissue. It is conceivable that endothelial cells release specific growth factors that might directly regulate tumour growth in a perfusion-independent manner. In support of this concept, it has been shown that during developmental processes the invasion of endothelial cells into incipient organs confers inductive signals to promote organogenesis, even in the absence of blood flow. These data indicate that endothelial cells can produce growth factors that support organogenesis [10] [11] [12] , many of which could also potentially promote the growth of tumours.
Therefore, an alternative mechanism by which endothelial cells directly regulate tumour growth might be through the paracrine release of endothelial-derived growth factors and trophogens, which we refer to as 'angiocrine factors' . Angiocrine factors comprise growth factors or trophogens (TABLE 1) ; adhesion molecules such as intercellular adhesion molecule 1 (ICAM1), vascular cell adhesion molecule 1 (VCAM1), E-selectin, P-selectin and hyaluronan; and chemokines, such as interleukin-8 (IL-8), monocyte chemotactic protein 1 (MCP1; also known as CCL2) and stromal cellderived factor 1 (SDF1; also known as CXCL12). Angiocrine factors may accelerate tissue repair after treatment with antiangiogenic and chemotherapeutic agents. Indeed, accumulating evidence from preclinical studies suggests that endothelial cells are not just non-thrombogenic passive conduits of the blood but have the potential for producing physiologically potent tumour-and stem cell-active angiocrine factors [13] [14] [15] . In this scenario, endothelial cells establish a vascular niche (FIG. 1a,b ) from which they secrete or express membrane-bound stem cell and progenitor cell active factors and deposit components of the extracellular matrix (ECM) to generate a unique cellular microenvironment that modulates tumour progression, invasiveness, trafficking and metastasis. As angiocrine factors modulate the proliferation of stem and progenitor cells 16 , it is conceivable that the vascular niche might also directly modulate the homeostasis of tumourinitiating cells 17 . Although the physiological significance of tumour-initiating cells remains unclear and their proportion may vary in each tumour 18 , the cellular interaction of tumour-initiating cells with the vascular niche could be crucial for the maintenance and propagation of these cells.
In this Opinion article, we set forth the idea that the endothelial cells that line the surface of small calibre arteries and veins, in particular the sinusoidal endothelial cells of the haematopoietic compartment
, are not only the building blocks of blood vessels that permit the delivery of essential nutrients and O 2 , but might also function as a vascular niche that -through the production of angiocrine factors -instructively nurtures tumour growth and initiates tissue regeneration after anticancer therapy. On the one hand, we propose that the selective inhibition of angiocrine factors, without disturbing the integrity of the blood vessels, might still block tumour growth and thereby avoid potential toxic side effects to the normal vasculature. Indeed, the use of currently available anti-angiogenic agents causes certain normal angiogenic blood vessels that promote tissue repair to undergo regression, which might consequently promote hypoxia-induced angiogenesis and enhanced tumour invasiveness 7, 8, 19 . On the other hand, maintaining the activity of specific angiocrine factors that support haematopoiesis, but not tumorigenesis, will selectively accelerate bone marrow recovery, thereby diminishing the morbidity and mortality associated with chemotherapy and irradiation. Therefore, balancing the expression of angiocrine factors might not only target tumour cells, but might also ameliorate therapy-induced toxicities. It is important to note that although the endothelial cells lining the wall of the lymphatic vessels could regulate anti-tumour immune responses 20 this article focuses on the role of non-lymphatic endothelial cells. Abstract | The precise mechanisms whereby anti-angiogenesis therapy blocks tumour growth or causes vascular toxicity are unknown. We propose that endothelial cells establish a vascular niche that promotes tumour growth and tissue repair not only by delivering nutrients and O 2 but also through an 'angiocrine' mechanism by producing stem and progenitor cell-active trophogens. Identification of endothelial-derived instructive angiocrine factors will allow direct tumour targeting, while diminishing the unwanted side effects associated with the use of anti-angiogenic agents.
instructive role of the vascular niche before the technological developments that enabled the cultivation of primary endothelial cells derived from the wall of arteries and veins, vascular cells were considered as passive and nonthrombogenic intralumenal vascular cells that primarily provided blood to organs and tumours 4, 21 . Two groups led by Judah Folkman 22 and ralph Nachman 23 established in vitro cell culture of pure populations of primary endothelial cells from human umbilical vein endothelial cells (HuVECs). These fetal-derived endothelia, which are an extension of the placental blood supply, were proposed to specialize in modulating vascular homeostasis within the fetal-maternal circulation 22 . Cultivation of HuVECs and other primary human organ-specific endothelial cells resulted in the identification of angiogenic factors that support endothelial cell survival and proliferation, such as fibroblast growth factors (FGFs) and vascular endothelial growth factors (VEGFs) 4, [24] [25] [26] [27] . Furthermore, the propagation of pure populations of endothelial cells enabled the design of in vitro and in vivo quantitative assays 28 for assessing vasculogenesis and neo-angiogenesis during adulthood 26, 27 . The isolation of homogenous endothelial monolayers also facilitated surface marker analyses of organ-specific endothelia, demonstrating that there is remarkable phenotypic heterogeneity of the vasculature in each organ [29] [30] [31] . These models allowed screening for angiogenic factors that modulate organ-specific proliferation, survival, tubulogenesis and sprouting of the endothelial cells 4, [24] [25] [26] [27] . Propagation of a large number of endothelial cells also accelerated biochemical identification of the factors secreted by the endothelium, and so set forth the idea that the vasculature can directly regulate physiological processes through the production of angiocrine factors (Supplementary information S1 (figure)). 46 . In addition, SDF1 and VEGFA support the recruitment of endothelial progenitor cells (EPCs) to the tumour microenvironment, fostering tumour blood vessel assembly 34, 40, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] . recruited EPCs are incorporated either intralumenally or perivascularly into the vessel wall and could potentially produce angiocrine factors that support tumour angiogenesis 58 . EPCs could also convert micrometastatic lesions into macrometastatic invasive tumours through the production of as yet unrecognized angiocrine signals 58, 59 ( FIG. 1a) . In this setting, the activated tumour endothelial cells function as vascular conduits to facilitate the recruitment of the pro-angiogenic inflammatory haematopoietic cells and EPCs to the ANGPT2, angiopoietin 2; BDNF, brain-derived nerve growth factor; BMP, bone morphogenetic protein; CSF, colony stimulating factor; EDN1, endothelin 1; FGF, fibroblast growth factor; G-CSF, granulocyte-CSF; GM-CSF, granulocyte-macrophage-CSF; IGF, insulin-like growth factor; IL, interleukin; LAMA4, laminin α4; MCP1, monocyte chemotactic protein 1 (also known as CCL2); NO, nitric oxide; PDGFβ, platelet-derived growth factor-β; PEDF, pigmented epithelial growth factor; PGF, placental growth factor; SDF1, stromal cell-derived factor 1 (also known as CXCL2); TGFβ, transforming growth factor-β; VEGF, vascular endothelial growth factor.
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Tumourinitiating cells
Nature Reviews | Cancer Role of angiocrine factors in mediating tumorigenesis. In addition to orchestrating the immune response and tumour angiogenesis, another mechanism by which endothelial cells could, in a perfusionindependent manner, directly promote tumour progression is by the release of protumorigenic angiocrine factors 60 . Malignant transformation is often associated with the reactivation of molecular pathways that regulate developmental processes during organogenesis 21 . Evidence from developmental mouse models suggests that blood vessel development precedes organ specification, and sprouting capillaries are found throughout the developing embryo 61, 62 raising the possibility that endothelial cells might confer inductive signals that enable proper organogenesis. Embryonic endothelial cells expressing the tyrosine kinase VEGFr2 establish a vascular niche 10 , which by producing undefined angiocrine factors and ECM components such as laminin 61, 62 , induces pancreatic and liver organogenesis. These data indicate that during development, direct interaction between endothelial cells and tissue-specific cells supports organogenesis.
Similarly, the proximity of the endothelial cells to stem and progenitor cells, as well as their malignant counterparts, in adults indicates that angiocrine factors could directly stimulate tumour growth. The first in vitro model supporting this hypothesis was the demonstration that the co-culture of primary bone marrow-derived sinusoidal endothelial cells (bMECs) supplemented with serum and endothelial growth factors, including VEGFA and FGF2, was capable of transiently maintaining human CD34 Various sources of endothelial cells, including brain-derived endothelial cells [65] [66] [67] and HuVECs 68, 69 , cultivated in the presence of serum also stimulated the expansion of the neuronal precursor cells by the secretion of neuronal active cytokines, including brain-derived neurotrophic factor (bDNF), bone morphogenetic proteins (bMPs) and pigment epithelium-derived factor (PEDF; also known as SErPINF1) (TABLE 1) .
Endothelial cells could also support the survival and proliferation of leukaemic cells through direct cellular contacts. Potential interactions between leukaemic cells and endothelial cells have been shown to be mediated through VCAM1-fibronectinintegrin α4β1 (also known as VLA4) 70 binding and CD44-hyaluronan 71 binding. These in vitro data were supported by in vivo observations, whereby leukaemic cells were shown to reside in apposition of endothelial cells both in the bone marrow 72, 73 (FIG. 2a) and in distant organs, such as the liver 74 (FIG. 2b) .
In a series of in vitro and in vivo studies, leukaemias were shown to secrete angiogenic factors, including VEGFA, which activated endothelial cells to release leukaemic trophogens, supportingthe expansion of leukaemic cells 72, 73, 75 ( FIG. 2c) . Endothelial cells, by secretion of cytokines, including IL-6, IL-3, granulocyte-CSF (G-CSF; also known as CSF3), granulocyte-macrophage-CSF (GM-CSF), IL-1 and nitric oxide (NO) 76, 77 , were shown to promote leukaemic proliferation, suggesting that activated angiogenic endothelial cells could provoke leukaemic cell growth through paracrine signalling. Inhibition of endothelial cells by the injection of antiangiogenic agents into mice with human leukaemias was sufficient to block the proliferation of the leukaemic cells 72, 73, 75 . It is plausible that interfering with the angiogenic activity of endothelial cells could target specific types of leukaemic cells, thereby abrogating leukaemic progression and tissue infiltration.
Endothelial cells might also directly support the homeostasis of gliomainitiating cells 15 . using in vitro and orthotopic in vivo models, gliomas were detected in association with blood vessels. Increasing the number of endothelial cells through the secretion of paracrine factors stimulated the propagation of nestin + CD133 + (also known as prominin 1) gliomas, and anti-angiogenic factors abrogated the expansion of the gliomas. It was postulated that endothelialderived bDNF and PEDF, both of which stimulate the self-renewal of neuronal precursor cells, could have stimulated the growth of the tumour cells 67, 78 . In addition, medulloblastomas localized to the perivascular niche were shown to be resistant to irradiation. Inhibition of AKT signalling sensitized medullobalstomas in the perivascular region to radiation-induced apoptosis 79 . These data also suggested that as yet unidentified angiocrine factors expressed by the endothelial cells confer tumours with radiation resistance.
The vascular niche and tumour-initiating cells. Several studies 60, [80] [81] [82] [83] have fostered the idea that through a perfusionindependent mechanism angiocrine factors could also modulate the homeostasis of the multipotent cells that have been proposed to initiate tumours. In support of this idea, putative organ-specific stem and progenitor cells were detected in the vicinity of the vascular niche. The vascular niche localized in the subventricular zone (SVZ) houses neural stem and progenitor cells that could initiate gliomas [84] [85] [86] . Likewise, mesenchymal 87 and adipose 88 progenitor cells, which have been implicated in initiating sarcoma and adenocarcinomas, localize in apposition to the vascular niche. Even undifferentiated spermatogonial cells, which are thought to give rise to a subset of adult germ cell tumours, reside in the vicinity of the testicular vasculature 89 . These data indicate that the vascular niche could directly interact with putative precursors of tumour-initiating cells.
Although the direct link between putative organ-specific stem and progenitors and their contribution to solid tumours is not formally validated, it is now well established that haematopoietic stem and progenitor cells can initiate leukaemias at high frequency 90, 91 . remarkably, Notch-activated haematopoietic stem and progenitor cells have also been detected in close proximity to the bone marrow vasculature 16, 92 (FIG. 1a,b) . bone marrow endothelial cells interact with haematopoietic stem and progenitor cells, including their leukaemic derivatives, through the engagement of the adhesion molecules VCAM1-integrin α4β1 and CD44-hyaluronan to sustain their proliferation and expansion [93] [94] [95] (FIG. 1c,d) .
Notably, the release of anti-angiogenic factors, such as thrombospondins, by mature megakaryocytes inhibited further expansion of the haematopoietic compartment by decelerating angiogenesis, and this was shown to increase apoptosis and force the differentiation of leukaemic cells, thereby preventing leukaemogenesis (FIG. 1e) 
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. Inhibition of CD44 and integrin α4β1 binding also interferes with the interaction of leukaemic cells with vascular cells 74 , rendering the leukaemic cells sensitive to chemotherapeutic agents.
Taken together, the remarkable proximity of the vasculature to the stem and progenitor cells (FIG. 1b,c,d ) lends credence to the concept that endothelial cells might be pathophysiologically reprogrammed to support tumorigenesis once organ-specific stem and progenitor cells undergo malignant transformation. Alternatively, the vascular niche might be endowed with the ability to sustain both the putative tumourinitiating cells and the tumour cell populations that do not have the capacity to initiate tumours but maintain tumour mass (as has been shown with melanomas 18 ). 98, 99 , matrix metalloproteinase 2 (MMP2) and MMP10 by the endothelial cells, through remodelling of the basement membrane might alter the bioavailability of diffusible cytokines deposited in the ECM, thereby fostering tumour growth. remodelling of the ECM by components of the activated coagulation cascade might also have a role in remodelling the ECM in the tumour vascular microenvironment. Tissue factor, which could be produced by either the tumour cells or vascular cells, promotes tumour growth [100] [101] [102] [103] [104] . Collectively, these data indicate that the vascular niche can support organogenesis and the expansion of tumour cells through production of ECM.
Vascular niche and tissue repair
The potential of endothelial cells to produce stem and progenitor cell-active angiocrine factors might represent a Box 1 | organ specificity of specialized endothelial cells
Sinusoidal endothelial cells: bone marrow, spleen and liver
These are fenestrated and malleable vessels that lack investment of conventional smooth muscle cells. They support the expansion of normal and malignant haematopoietic stem and progenitor cells.
Tumour endothelium
This term is used to describe atypical, dilated, leaky and often haemorrhagic tumour vessels. Such vessels could potentially support tumour growth through the release of angiocrine factors. nascent neo-angiogenic vessels These are proliferating, sprouting vessels detected during embryonic development, ischemic revascularization and organ regeneration. They promote organ-specific stem and progenitor cell expansion.
double-edged sword. Angiocrine factors might not only promote tumour growth, but might also facilitate the repair of normal tissues targeted by chemotherapeutic agents or radiotherapy. The repair of normal tissues might provide a therapeutic advantage as one of the major obstacles in the treatment of cancer patients is the limit to the dose of chemotherapy and irradiation that can be delivered to the tumour owing to normal tissue toxicity. This is an important issue as cyclic doses of chemotherapy given on a monthly basis impairs the capacity of the haematopoietic cells in the bone marrow to recover, resulting in low white blood cell, red blood cell and platelet counts, which predisposes patients to life-threatening infection, bleeding and anaemia.
Currently, clinical approaches to diminish haematopoietic suppression after chemo therapy are not effective. One mechanism by which chemotherapy might induce bone marrow suppression is through impairing the function of the bone marrow vasculature. It was recently demonstrated that regeneration of the functional sinusoidal endothelial cells in the bone marrow was essential for haematopoietic recovery after severe myelosuppression 16 (FIG. 3) .
Notably, interfering with the regeneration of endothelial cells through the inhibition of VEGFr2 after radiation injury resulted in a complete failure of haematopoietic stem and progenitor cells to reconstitute the haematopoietic system, which led to haematopoietic failure. The degree of damage to the sinusoidal endothelial cells directly correlated with the capacity of haematopoietic cells to regenerate, establishing the new concept that sinusoidal endothelial cells have a crucial role in the reconstitution of haemato poiesis through modulating the activity of stem and progenitor cells.
These data allow us to propose that, similar to the instructive role of endothelial cells promoting the growth of tumours, sinusoidal endothelial cells are not just passive conduits delivering nutrients to bone marrow, but are crucial organ-specific vascular cells that modulate haematopoietic stem cell homeostasis through an instructive mechanism. It is conceivable that specific angiocrine factors that promote tumour growth are distinct from those that support haematopoietic recovery. As such, the selective inhibition of endothelial factors that promote tumour growth, such as VEGFs, may provide an effective means to block tumour growth, and activation of other factors, such as specific Notch ligands 105 , might diminish haematopoietic toxicity. Therefore, the identification of angiocrine factors that differentially support tumour growth and tissue repair will have a major effect on treating patients with combination chemotherapy and anti-angiogenic therapy, while ameliorating haematopoietic failure.
Vascular activation and tumour growth
One dilemma is how the vascular niche both maintains tissue homeostasis and promotes tumour growth. One plausible explanation is that the activation of endothelial cells during inflammation or neo-angiogenesis might switch on specific programmes to enable the endothelial cells in the vascular niche to secrete cytokines that accelerate tissue repair and promote tumour growth. Indeed, at steady state conditions in adult mammals, most endothelial cells are quiescent and secrete factors that maintain organ homeostasis and favour tumour dormancy 4 . However, in response to certain physiological stresses, such as hypoxia, inflammation and oncogene-induced malignant transformation, the upregulation and release of angiogenic factors, including VEGFA, FGFs and angiopoietins, stimulates endothelial cells to proliferate and undergo sprouting angiogenesis. Angiogenic factors could also provoke endothelial cells to secrete specific cytokines that reciprocally support the regeneration of normal and malignant stem cells. In this regard, activation of the vascular niche through the induction of angiogenic pathways will stimulate tumour growth and tissue regeneration.
Supporting this idea, angiogenic factors have been shown to activate AKT in endothelial cells, which through the inactivation of the forkhead box O (FOXO) signalling pathway induces the secretion of cytokines, matrix metalloproteinases (such as MMP10), chemokines (such as IL-8) and ECM components (such as laminin) 106 . Furthermore, chronic AKT activation in the tumour vasculature could also promote tumour growth through the recruitment of the mTOr pathway. rapamycin, an inhibitor of mTOr, blocked tumour growth and tumour vascular permeability by changing the activation status of AKT in endothelial cells 107 . The anti-tumour effects of rapamycin might directly affect tumour cells but might also silence endothelial cells by suppressing angiogenesis or the 
Simian virus 40 (SV40) or polyoma middle T and TERT-immortalized endothelial cells.
Potential problems include the requirement for supplementation with serum and angiogenic factors to maintain endothelial survival. Diminished angiogenic function and high metabolic rate interfere with optimal expansion of stem and progenitor cells and their malignant counterparts.
E4ORF1-transduced endothelial cells.
Advantages include that these cells maintain an angiogenic repertoire of endothelial monolayers in the absence of serum or exogenous angiogenic factors. They mimic primary endothelial cell metabolic demand and growth kinetics and are highly effective in promoting long-term expansion of stem and progenitor as well as tumour cells.
In vivo models
Bone marrow suppression. This evaluates the role of sinusoidal endothelial cells in stem cell recovery and expansion, and assesses the localization and growth kinetic of leukaemias and solid tumours. Advantages include the chronological assessment of the contribution of the vascular niche to stem and progenitor cell reconstitution. permeability of the tumour vasculature 107 . These data also raise the possibility that activation of the AKT-mTOr pathway in endothelial cells results in the production of angiocrine factors that promote tumour growth and metastasis or maintain quiescence of tumour-initiating cells 107 , and the release of anti-angiogenic factors, including thrombospondins, could potentially force endothelial cells into quiescence, thereby suppressing tumorigenesis (FIG. 1e) . As the angiogenic state of the endothelial cells might be regulated by VEGFA and FGF2 signalling pathways, it is conceivable that the activation of AKT, ErK or JNK might result in differential upregulation of the angiocrine factors, modulating the growth of normal and malignant stem cells.
Moreover, evidence from microarray analyses indicates that angiogenic factors stimulate endothelial cells to secrete stem cell active angiocrine factors, such as FGFs, EGFs 65, 108, 109 and neuronal growth factors, including bDNF 68, 69 , bMPs 66 and PEDF 67, 78 .
These endothelial-derived factors have been shown to promote the expansion of neuronal precursor cells for a few days. Similarly, inflammatory cytokines, such as TNFα, induce the expression of the notch ligands jagged 1 and jagged 2 by bone marrow endothelial cells 110 . Notch activation has a major role in the progression of both T cell leukaemias and solid tumours, suggesting that the expression of Notch ligands on the endothelial cells stimulates tumour growth 83 . Collectively, these data suggest that the activation state of the vascular niche balances the performance of the endothelial cells in either suppressing or stimulating the growth of tumours or accelerating tissue repair. upregulation of angiogenic factors and inflammatory cytokines switch the vascular niche to secrete stem and progenitor cell active angiocrine factors, thereby promoting tumour growth and tissue repair. by contrast, a quiescent vascular niche might sustain tumour dormancy and tissue homeostasis.
Models to study the vascular niche Most of the prototypical endothelial celltumour co-culture models designed to interrogate the role of endothelial cells in the proliferation of solid tumours are carried out in culture conditions that are supplemented with serum and angiogenic factors, including VEGFA, FGF2, EGF and crude brain extracts, all of which could exert a pro-tumorigenic effect independently of the angiocrine factors produced by the endothelial cells. Therefore, it has been unclear whether the expansion of the tumour cells or stem and progenitor cells was the direct result of the interaction with the endothelial cells or partly due to the supplementation of the numerous exogenous angiogenic factors that are essential to maintain the integrity of the endothelial cells during co-culture experiments 15, 65 . As such, current co-culture conditions introduce considerable complexity in defining the role of the endothelial cells in supporting the expansion of tumourinitiating cells, as the exogenous inclusion of recombinant FGF2, EGF and VEGFA could promote stem cell proliferation and tumour growth 4, [24] [25] [26] [27] independently of the angiocrine factors produced by endothelial cells
. The obligate necessity for the use of serum also diminishes the effectiveness of these cultures, as serum (the product of clotted blood) contains stem cell active cytokines such as TGFβ that could introduce culture artefacts by negatively or positively influencing the homeostasis of stem cells 111 . Furthermore, chronic supplementation with angiogenic factors causes endothelial cells to lose their vasculogenic repertoire and fail to respond to angiogenic factors, thereby hampering the study of their instructive role in the regulation of tumorigenesis 13 . Therefore, developing strategies to maintain endothelial cells in serum and cytokine free coculture with tumour cells without altering their angiogenic phenotype is necessary.
To address this issue, long-lasting endothelial cells have been generated by using oncogenic factors, including simian virus 40 (SV40) large-T antigen 112 , polyoma middle-T 113 and telomerase reverse transcriptase (TErT) 114, 115 . However, immortalization of endothelial cells by these approaches results in the chronic activation of the MAPK signalling pathway, which leads to the generation of highly proliferative and hypermetabolic endothelial cells that have lost many of their essential angiogenic and/or adhesive features, including impaired responsiveness to angiogenic factors, and the expression of cytokines that are not physiologically expressed by endothelial cells. Accordingly, establishing long-term durable endothelial cells that could maintain their angiogenic profiles in the absence of exogenous cytokines and angiogenic factors would facilitate the identification of vascularspecific factors that directly support tumour growth or organ-specific stem cell regeneration.
To this end, a new strategy was devised to generate durable endothelial cells that could propagate, while maintaining their long-term angiogenic profile without oncogenic transformation 13 . To achieve this goal, the E4ORF1 gene of the adenovirus serotype 5 or serotype 9 was introduced into primary endothelial cells. This resulted in endothelial cell survival in serum-and growth factor-free conditions without altering the angiogenic repertoire of the endothelial cells through the chronic activation of AKT, but not MAPK 13 . E4ORF1 + endothelial cells could support the expansion of the myelocytic HL60 leukaemic cell line in serumfree and cytokine-free conditions for more than 7 days (FIG. 2d) . Furthermore, E4ORF1 + endothelial cells could support the long-term proliferation of certain solid tumour cell lines, such as human teratocarcinoma cell lines 13 in serum-and cytokine-free conditions, allowing the establishment of screening assays to identify stem cell and tumour-specific growth factors. These studies not only establish the potential of the endothelial cells to directly support the expansion of tumour cells but also lay the foundation for identifying angiocrine factors that directly support tumour growth.
Presumably, most of the stem and progenitor cell-active cytokines are expressed in a redundant manner by a wide variety of stromal cells and endothelial cells. It is possible that in certain tumours the selective expression of angiocrine factors by the endothelial cells will be the key to provoking tumour growth. As it is technically challenging and ethically difficult to assess the role of endothelial cells in tumour growth in clinical studies, mouse models are ideal for determining how selective knock down of a particular growth factor in the vascular cells, but not other stromal cells, influences tumour growth and metastasis. Furthermore, the mechanism by which expression of these angiocrine factors are selectively regulated in endothelial cells but not stromal cells is unknown. Therefore, the generation of transgenic mice genetically engineered to be deficient in the expression of defined angiocrine factors in endothelial cells only will provide important information regarding the mechanism by which vascular niche cells modulate tumorigenesis through the induction of specific subsets of angiocrine factors or ECM components. The knowledge gained from such mouse models could then be corroborated in cancer patients by analysing the expression of the angiocrine factors in tumour samples obtained from patients treated with anti-angiogenic chemotherapy.
Alternatively, human tumour xenograft models could be used to determine the angiocrine role of endothelial cells in tumour growth. In human xenograft models, mouse endothelial cells will presumably modulate human tumour growth. Therefore, the isolation of mouse endothelial cells supporting human tumour cells will allow the identification of angiocrine factors that support tumour growth. However, isolation and cultivation of primary mouse endothelial cells is cumbersome. Mouse endothelial cells have been cultivated from transgenic mice expressing SV40 large-T antigen 116 . These immortalized mouse endothelial cells may have lost their angiogenic repertoire and so do not represent physiologically relevant tumour vascular cells with which the role of angiocrine factors could be studied. Therefore, the development of technology to propagate and maintain primary mouse endothelial cells is necessary to interrogate the role of endothelial cell-specific paracrine factors in various transgenic mouse models in mediating tumorigenesis and organogenesis.
Conclusions and future directions
Emerging evidence demonstrates that endothelial cells are not simply passive conduits for delivering O 2 and nutrients or for waste disposal. by contrast, endothelial cells could be conceived as specialized organ-specific vascular niches that, on activation by secretion of specific angiocrine factors and deposition of ECM, could instructively support the maintenance and reconstitution of normal and malignant stem and progenitor cells. by releasing as yet unrecognized diffusible, membraneand ECM-bound factors endothelial cells balance the extent of self-renewal and differentiation of the stem and progenitor cells in tumours and injured organs, such as myeloablated bone marrow exposed to high doses of chemotherapy and irradiation. Although endothelial cells are known to produce stem cell active factors, including bMP2, bMP4, TGFβ, bDNF, jagged 1 and jagged 2, and angiogenic factors, such as placental growth factor (PGF), angiopoietin 2 (ANGPT2), VEGFA, FGF2 and platelet-derived growth factor (PDGF), the precise identity of functional organ-specific angiocrine factors released by the endothelial cells that support organogenesis, tissue repair and tumorigenesis remains to be determined. whether endothelial cells have a direct role in maintaining tumour-initiating cells is also unknown. Targeting endothelialspecific angiocrine factors that might nurture tumour-initiating cells will lay the foundation for clinical studies to treat tumours that are dependent on tumour-initiating cells for their long-term maintenance and abrogate resistance to chemotherapeutic agents. The availability of durable endothelial cells to interrogate the interaction with tumour cells, such as E4OrF1 + human endothelial cells, will pave the way for the identification of endothelial cell-derived and ECM-bound growth factors that support tumorigenesis and organogenesis.
To formally interrogate the paracrine potential of the endothelial cells in supporting tumour growth and tissue repair requires the development of mouse models whereby tumour and stem cell active angiocrine factors could be selectively knocked down in adult mice. This approach will allow the determination of the instructive role of endothelial cells in tumorigenesis and organ regeneration. However, as certain stem cell active cytokines, such as Notch ligands, might also have an essential role in maintaining the permissive function of the vasculature, it might be difficult to define the instructive function of the endothelial cells in tumorigenesis 83 and tissue repair. To circumvent this problem, the development of technology to selectively knock down angiocrine factors in the endothelial cells of a particular organ is necessary to define the role of endothelial cells in organ-specific tissue repair and organogenesis.
Overall, the therapeutic potential of exploiting vascular derived-tumour specific angiocrine factors for targeting tumours and diminishing therapyinduced vascular toxicity is enormous. Delivery of the angiocrine stem cell active factors might enhance organ regeneration, such as by promoting haematopoietic recovery after treatment with chemotherapy and irradiation, and targeting specific pro-tumorigenic factors released by the endothelial cells will inhibit tumour growth. In this regard, identifying the mechanism by which endothelial cells convey instructive and inductive signals that promote tumour growth or regenerate therapy-damaged organs may provide insight for the design of new therapeutic strategies to eradicate angiogenesisdependent tumours, while minimizing end-organ toxicity associated with lifethreatening myeloablative and antiangiogenic treatments. 
